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© Method for producing boron nitride film. 

© A single crystal cubic boron nitride film is pepar- 
ed by alternately supplying a raw material gas com- 
prising boron atoms (TB2H6) and a raw material gas 
comprising nitrogen atoms (T NH s in a vacuum cham- 
ber to form a cubic boron nitride film on a heated 
substrate and evacuating the vacuum chamber 



(T vac1 -T vac4 ) and optionally purging the vacuum 
chamber with a gas (T H2 ) which is inactive with the 
raw materials when one raw material gas is switched 
to the other to prevent coexistence of the both raw 
materials in the vacuum chamber. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a method for 
producing a cubic boron nitride film, which can be 
applied to semiconductor devices such as a diode, 
a transistor and a sensor, an insulating film or a 
cemented carbide tool. 

Description of the Related Art 

Boron nitride is a compound consisting of nitro- 
gen and boron atoms and includes various struc- 
tures such as cubic boron nitride (c-BN), hexagonal 
boron nitride (h-BN), turbostratic boron nitride (t- 
BN) and amorphous boron, nitride (a-BN). 

h-BN has a structure in which plural hexagonal 
plane structure layers are piled up in the c-axis 
direction. t-BN has a turbulent structure of h-BN. c- 
BN has a zinc-blende crystal structure and is a 
cubic system compound. That is. at a face center 
position, one of the atoms is present, and the other 
atom is present at positions such as 1/4, 1/4, 1/4, 
etc. 

Baron nitride is a compound similar to carbon. 
Roughly speaking, h-BN, a-BN and c-BN corre- 
spond to graphite, amorphous carbon and dia- 
mond, respectively. Boron nitride has similar prop- 
erties to those of the corresponding carbon com- 
pound. As diamond is difficult to synthesize, 
among the BN compound, c-BN is most difficult to 
synthesize. 

c-BN is expected as a material to be used in a 
wide variety of applications. 

For example. c-BN is a promising material as a 
wide band gap semiconductor which can be doped 
to form a p-type or n-type semiconductor. More 
specifically, it is expected as an element of an 
environment resistant device, a power device or a 
light emitting device in a range from ultraviolet to 
blue by utilizing its high heat resistance, high di- 
electric breakdown electric field and large thermal 
conductivity. 

Without doping, c-BN forms an insulating film 
having good insulating property and thermal con- 
ductivity and may be used as a layer insulation film 
of a device. 

In addition, since c-BN has large hardness, it is 
promising as a tool material. 

Hitherto, a c-BN single crystal has been pro- 
duced only by a high pressure synthesis method. It 
was reported that a prototype pn-junction diode 
was produced from doped c-BN bulk, exhibited 
rectification even at a high temperature of 500 *C 
or higher and emitted light in a range from ul- 
traviolet to visible light at forward bias (cf. Mishima 
et al. Applied Physics Letters, 53 [11] 962-964 



(1988)). 

As described above, the presently produced c- 
BN crystal is a particulate crystal produced by the 
high pressure synthesis method. Hitherto, no c-BN 
5 film has been produced. 

In view of wide application of c-BN. it is essen- 
tial to produce a c-BN film. 

It has been tried to produce the c-BN film by 
CVD methods such as thermal CVD, RF plasma 
w CVD and microwave plasma CVD, or by PVD 
methods such as IVD, ion plating, activated reac- 
tive deposition and sputtering. In these methods, a 
raw material gas containing boron atoms and a raw 
material gas containing nitrogen atoms are simulta- 
75 neously supplied on a substrate to synthesize bo- 
ron nitride. However, none of these methods pro- 
vide satisfactory results. This is because ther- 
modynamically stable h-BN and/or a BN film hav- 
ing largely disturbed structure are very easily de- 
20 posited. 

There are may reports on the preparation of c- 
BN films. However, the films do not consist of the 
c-BN phase only. The reported BN films contain 
microcrystaHine c-BN phases partly, and no wholly 
25 crystalline c-BN film has been prepared. 

SUMMARY OF THE INVENTION 

One object of the present invention is to pro- 

30 vide a boron nitride film whole of which consists of 
crystalline c-BN. 

Another object of the present invention is to 
provide a method for producing a boron nitride film 
whole of which consists of crystalline c-BN. 

35 According to a first aspect of the present in- 
vention, there is provided a method for producing a 
cubic boron nitride film comprising alternately sup- 
plying a raw material gas comprising boron atoms 
and a raw material gas comprising nitrogen atoms 

40 in a vacuum chamber to form a cubic boron nitride 
film on a heated substrate and evacuating the 
vacuum chamber when one raw material gas is 
switched to the other to prevent coexistence of the 
both raw materials in the vacuum chamber. 

45 According to a second aspect of the present 
invention, there is provided a method for producing 
a cubic boron nitride film comprising alternately 
supplying a raw material gas comprising boron 
atoms and a raw material gas comprising nitrogen 

50 atoms in a vacuum chamber to form a cubic boron 
nitride film on a heated substrate and evacuating 
the vacuum chamber and purging the vacuum 
chamber with a gas which is inactive with the raw 
materials when one raw material gas is switched to 

55 the other to prevent coexistence of the both raw 
materials in the vacuum chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 shows an example of a c-BN film growing 
program according to the present invention, 
Fig. 2 shows another example of a c-BN film 
growing program according to the present in- 
vention, 

Figs. 3 and 4 are the graphs showing a relation- 
ship between the growth rate and TB2H6 and a 
relationship between the growth rate and t^, 
respectively in Example 1 , 
Fig. 5 shows a Raman spectroscopic spectrum 
of the c-BN film produced in Example 1 , 
Rgs. 6 and 7 show the dependency of the 
growth rate on t-tmb and t NH3 in Example 2, 
Fig. 8 shows an X-ray diffraction pattern of the 
film which was grown on the (111) c-BN sub- 
strate in Example 2, 

Rg. 9 shows a thermal decomposition type 
precracking apparatus, 

Fig. 10 shows a PF plasma type precracking 
apparatus, and 

Fig. 11 shows a microwave plasma type 
precracking apparatus, 
DETAILED DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows an example of a c-BN film grow- 
ing program according to the present invention, in 
which BaHs is used as the boron-containing raw 
material gas, and NH3 is used as the nitrogen- 
containing raw material gas. The axes of abscissa 
and ordinate represent a time and flow rates of the 
raw material gasses to be supplied in the vacuum 
chamber, respectively. The graphs (a) and (b) cor- 
respond to the flow rates of B 2 He and NH 3 , respec- 
tively. 

Rrst, B 2 H 6 is supplied for a certain time period 
(tBsHs). Then, the vacuum chamber is throughly 
evacuated for a certain time period (t VA ci). There- 
after, NH 3 is supplied for a certain time period 
(rNhb) and again the vacuum chamber is evacu- 
ated for a certain time period (T VAC2 ).These supply 
of the raw material gases and evacuation proce- 
dures are repeated to produce the crystalline c-BN 
film. One cycle T is a sum of t B 2h6. *vaci. t NH 3 and 
t vac2 • Accordingly, only one raw material is 
present in the chamber and the both raw materials 
do not coexist at any moment. This is one of the 
characteristics of the present Invention. 

To further completely prevent the coexi stance 
of the both raw materials, it is preferable to purge 
the vacuum chamber with a different gas when one 
raw material gas is switched to the other. 

As shown in Fig. 2, after one of the raw ma- 
terial gasses (B 2 H 6 or NH 3 ) is supplied in the 
vacuum chamber and the chamber is evacuated 
and before the other is supplied in the vacuum 
chamber, the vacuum chamber is purged with a 
gas which is inactive with the raw materials such as 
hydrogen or argon for a certain time period (r^ in 



Fig. 2). 

That is, first B2H6 is supplied for a certain time 
period (tbshs). Then, the vacuum chamber is thor- 
oughly evacuated for a certain time period (t VA ci) 
5 and a purging gas (H 2 ) is introduced for a certain 
time period (rH 2 ). After evacuating H 2 for a certain 
time period (tvac2). NH3 is supplied for a certain 
time period (t NH 3). Further, the vacuum chamber is 
evacuated for a certain time period (tvac3), H 2 is 
10 introduced in the vacuum chamber for a certain 
time period (t^) and the vacuum chamber is evac- 
uated (tvac4). These supply, evacuation and purg- 
ing procedures are repeated to produce the cry- 
stalline c-BN film. One cycle T is a sum of t B2H 6, 

f5 r NH 3' r H 2 and all the evacuation time periods. 

Examples of the purging gas are hydrogen, 
helium, argon and the like, which are inactive to the 
raw material gasses. 

Examples of the boron-containing raw material 

20 are B 2 H 6 , BF 3i BCI 3 , BBr 3 , B(CH 3 ) 3 , B{C 2 H 5 ) 3 , etc. 
Examples of the nitrogen-containing raw ma- 
terial are NH 3 , N 2 , NF 3( etc. 

These raw materials may be diluted with hy- 
drogen, helium, argon, neon, etc. 

25 Although each raw material gas as such can be 
supplied in the vacuum chamber, it may be dis- 
sociated or excited by thermal cracking, plasma or 
UV light before supplied on the substrate. By the 
dissociation or excitation, the boron or nitrogen 

30 atoms in the raw material gas are in the excited 
state, their reactivity is increased. Thereby, quality 
of the produced c-BN film is improved, and the 
substrate temperature can be lowered. 

Depending on the kinds of the raw materials 

35 and the substrate, the substrate temperature is 
preferably from 300 to 1400* C, more preferably 
from 400 to 1100* C during vapor phase synthesis. 

Herein, the term "vapor phase synthesis" is 
used in a broad meaning. The vapor phase synthe- 

40 sis includes the CVD methods such as a molecular 
beam epitaxial growing method, thermal CVD, RF 
plasma CVD, microwave CVD, etc. and the PVD 
methods such as ion vapor deposition, ion plating, 
activated reactive deposition, sputtering, etc. 

45 Now, the mechanism of the present invention 
will be explained in comparison with the conven- 
tional method. 

In the conventional vapor phase synthesis of 
the c-BN film, the baron-containing raw material 

50 and the nitrogen-containing raw material are si- 
multaneously supplied on the substrate In both the 
CVD and PVD methods. However, the baron-con- 
taining compound and the nitrogen-containing com- 
pound have very high reactivity with each other, 

55 and a reaction product has mainly a bond with the 
sp 2 orbital. This product forms a h-BN precursor 
having a layer structure through the sp 2 bonds. 
As one example, a B 2 H 6 -NH 3 system will be 
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explained. B2H; and NH3 easily react each other in 
a temperature range between room temperature 
and 200 *C to form various compounds such as 
BH3NH3 (borazane), (BH2NH 2 ) X (borazene) and 
B3N3H6 (borazol). These compounds liberate the 
hydrogen atoms by heating and are converted to h- 
BN. Then, from these compounds, c-BN is not 
formed. Therefore, when the boron and nitrogen 
atoms coexist. h-BN with lower energy is formed. 

Also, in a B2H 6 -N2 system. h-BN is formed at a 
temperature higher than 1000* C or 1200* C. 

h-BN may tend to be formed even when the 
raw materials are dissociated or excited by a plas- 
ma or a laser beam. 

Under the vapor phase synthesis conditions, 
since h-BN is in the stable state while c-BN is in 
the unstable state, h-BN is deposited. Once h-BN 
is formed during the deposition of the BN film, it is 
never changed to c-BN through phase transition. 

Accordingly, when the boron-containing raw 
material and the nitrogen-containing raw material 
are simultaneously supplied, the crystalline c-BN 
film is not produced since the precursor of h-BN is 
easily formed by the vapor phase reaction. 

According to the present invention, the boron- 
containing raw material and the nitrogen-containing 
raw material are alternately supplied, whereby the 
vapor phase reaction between the two raw materi- 
als are completely prevented. Under such con- 
dition, the c-BN layer is formed layer by layer 
through a surface reaction of the raw materials 
which are adsorbed on the substrate. This layer-by- 
layer growth of the c-BN film will be explained 
below. 

The substrate to be used in the method of the 
present invention is explained 

c-BN has a crystalline structure of the zinc- 
blende structure. When a substrate is made of a 
material which has a crystalline structure such as 
the zincblende structure, a diamond structure, a 
face-centered cubic lattice structure or a 
tetrahedral (sp 3 ) structure (for example, the wurtzite 
structure), the grown layer succeeds the crystalline 
structure of the substrate so that c-BN is predomi- 
nantly formed. 

To produce the single crystal c-BN film, it is 
preferable to use a substrate a lattice constant of 
which is the same as that of c-BN or a substrate 
having a lattice constant a difference of which from 
that of c-BN is small. For example, a c-BN sub- 
strate or a diamond substrate which has the lattice 
constant a difference of which from that of c-BN is 
only 1 .3 % is preferred. 

As a plane on which the c-BN film is grown, a 
plane in which boron and nitrogen atoms are not 
present together, for example, a (100) or (111) 
plane or a plane which has a small off angle from 
the (100) or (111) plane is preferred, because the 



method of present invention grow layer by layer 
the boron layer and the nitrogen layer by supplying 
alternately the boron-containing raw material and 
the nitrogen-containing raw material. 

5 One of the essential features of the present 

invention is alternate supply of the boron-containing 
raw material and the nitrogen-containing raw ma- 
terial. Since c-BN has a special property. c-BN 
crystal is correctly grown by such alternate supply 

10 of the raw materials. Such mechanism is called as 
a "self-limiting mechanism" in this invention. Since 
this mechanism is first found by the present in- 
ventors, it will be hereinafter explained in detail. 
If plural layers of the boron layers and/or the 

75 nitrogen layers are formed during the supply of the 
boron-containing raw material or the nitrogen-con- 
taining raw material, the c-BN film is not produced. 
The raw material supplied in one period should be 
adsorbed on the surface of the substrate or the 

20 already grown layer in one or two layers, and the 
film should be grown under conditions suitable for 
layer-by-layer growth of the film. 

In case of the growth of c-BN, when one raw 
material gas is supplied in a specific temperature 

25 range, only one or two layers are adsorbed with 
respect to the specific element (B or N) contained 
in the supplied raw material, and further supply of 
the same raw material gas does not form third and 
subsequent layers. Namely, the growth of the lay- 

30 ers is automatically stopped. Such property is 
called as the "self-limiting mechanism". 

For example, when the boron-containing raw 
material is supplied in the absence of nitrogen 
atoms, boron atoms are adsorbed in only one or 

35 two layers and no additional layer of boron is 
adsorbed. This also applies to the nitrogen atoms. 

The self-limiting mechanism is the key feature 
of the method of the present invention. 

Conditions for achieving the self-limiting 

40 mechanism depend on kinds and supplying meth- 
ods of the raw materials, a kind and plane of the 
substrate, growth pressure, a substrate temperature 
and the like. In many cases, the self-limiting 
mechanism works at a temperature not higher than 

45 1200*C. 

PREFERRED EMBODIMENTS OF THE INVEN- 
TION 

50 The present invention will be illustrated by fol- 
lowing Examples, 

Examples 

55 In Examples, two types of apparatuses were 
used, one of which was (1) an ultra-high vacuum 
growing (molecular beam epitaxy, MBE) apparatus 
and the other of which was (2) a vacuum CVD 
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growing apparatus. These apparatuses are known 
ones. 

Used substrate were 

(i) High-pressure synthesized lb diamond sub- 
strate (3 mm square, 0.3 mm thick), and 

(ii) High-pressure synthesized undoped c-BN 
substrate (1.5 mm square, 0.3 mm thick). 

Before setting in the apparatus, the substrates 
were subjected to ultrasonic cleaning in an organic 
solvent (e.g. isopropanol, acetone, trich- 
loroethylene, etc.) and then treated with hydrochlo- 
ric acid, hydrofluoric acid/ nitric acid and aqua 
regia successively, followed by rinsing with ultra- 
pure water. 

Just before supplying a raw materia! gas, the 
substrate was heated to a temperature from 
1000* C to 1200' C under high vacuum of 10~ 8 to 
10~* Torr. to clean its surface. 

Example 1 

Growth of a c-BN film with the ultra-high vacuum 
growing apparatus (MBE) 

A used apparatus was a conventional gas 
source MBE apparatus. In a chamber kept at ultra- 
high vacuum, a substrate was set with a manipula- 
tor and rotated with heating. From a molecular 
beam cell set below the substrate, a raw material 
gas was splashed towards the substrate in the form 
of a molecular beam. By alternately opening and 
closing valves, two molecular beams of the raw 
materials were supplied alternately. As a boron- 
containing raw material, B2H6 was used, and as a 
nitrogen-containing raw material, NH3 was used. 

The B2HG gas is easily decomposed and poly- 
merized at a comparatively low temperature. When 
it is supplied at a substrate temperature of 800 to 
1000*C, a boron film is formed. That is, the self- 
limiting mechanism does not work. Since under 
such temperature condition, very precise control of 
the gas flow rate is required, it is difficult to grow a 
film with good quality. Then, when B 2 H G is used as 
the raw material, a growth temperature should be 
not higher than 800 *C. 

If the substrate temperature is too low, it is 
difficult to decompose the nitrogen-containing raw 
material such as NH 3 or N 2 , the nitrogen atoms are 
not contained in the formed film, or a crystalline 
film is not formed. 

Thus, in this example, NH 3 . was precracked 
with plasma before introducing in the chamber. 
Thereby, the nitrogen atoms are contained in the 
formed film even if the substrate temperature is 
low. 

The precracking can be carried out by thermal 
decomposition or the plasma such as RF plasma or 



microwave plasma. 

A precracking means is provided in the up- 
stream of the ultra-high vacuum growing apparatus. 
For example, following three precracking apparatus 

5 can be used; 

Fig. 9 shows a thermal decomposition type 
precracking apparatus, which comprises- an insulat- 
ing pipe 9 and a heater 2 wound around the pipe 9. 
Around the pipe 9 and the heater 2, a reflection 

70 plate 3 made of a heat resistant metal is provided. 
The heater 2 is powdered by a heater power 
source 1 and heats a part of the pipe 9 around 
which the heater is wound. 

The raw material (NH 3 ) is supplied from one 

75 end (the right end in Fig. 9) of the pipe 9 and 
heated and precracked to form activated species. 
Since the material is activated, the nitrogen atoms 
can be dissociated even if the substrate tempera- 
ture is low. 

20 Fig. 10 shows a PF plasma type precracking 
apparatus, which comprises an insulating pipe 9 
and an induction coil 5 wound around the pipe 9. 
The RF peer is supplied to the induction coil 5 
from a radiofrequency power source 4. and the raw 

25 material NH 3 is decomposed with the RF power to 
form activated species. 

Fig. 11 shows a microwave plasma type 
precracking apparatus, which comprises a 
waveguide tube 7 and a variable short-circuit plate 

30 8. The insulating pipe 9 passes through a part of 
the waveguide tube 7. When the raw material NH 3 
flows through the insulating pipe 9, it is decom- 
posed with microwave. 

In this Example, the apparatus of Fig. 11 was 

35 used, and NH 3 was precracked with the microwave 
plasma (2.45 GHz) and introduced in the growing 
apparatus to grow the c-BN film. 

The growing conditions were as follows: 
Flow rates: 

40 B 2 H 6 = 0.1 to 3.0 seem NH 3 = 0.1 to 10 seem. 

Back pressure: 

2x 10" 10 Torr. 

Growing pressure: 

5x 10"* to 3x10~* Torr. 
4S Substrate temperature: 

300 to 800* C. 

Microwave power for precracking : 

150 W 

Substrate: 

50 Ultra-high pressure synthesized diamond lb with 
the (100) plane. 
First, the self-limiting mechanism was studied. 
At the flow rates of 0.5 seem and 1.5 seem of 
BaHs and NH 3i respectively, a film was formed 
55 according to the growth program of Fig. 1. 

As described above, between each supply 
periods of B 2 Hg and NH 3 , the chamber was evacu- 
ated to prevent the mixing of the two raw materials. 
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Dependency of a growing rate on t B 2H6 and t N h 3 
was examined with varying r NH3 and t B 2H6- 

The results are shown in Figs. 3 and 4, which 
are the graphs showing a relationship between the 
growth rate and tb2hs and a relationship between 
the growth rate and t NH3 respectively. 

Here, the growth rate means a film thickness 
grown in one cycle of gas flow pulse, when each 
one layer of boron and nitrogen of the c-BN layer 
is grown, the growth rate is one (one molecular 
layer-cycle), with this factor, the growth rates were 
normalized. 

In Figs. 3 and 4. the black circles are the 
results at the substrate temperature of 300 *C, the 
white circles are the results at 400* C. the triangles 
are the results at 600 *C. and the squares are the 
results at 800* C. 

As seen from Fig. 3. at the substrate tempera- 
ture of from 300 to 600 *C. the growth rate in- 
creases in proportional with t 82 h6 when r B2H5 is 
small, but saturates at a certain value of 7 B2H6 . The 
saturated growth rate is one (1). In this substrate 
temperature range, the growth rate saturates at a 
single molecular layer and the thickness does not 
increase. That is. a layer consisting of boron does 
not grow. 

At 800 *C. the growth rate does not saturate 
and increases as t B2H 6. increases. This means that 
the boron layer continues to grow. 

The above applies to NH 3 . AS seen from Fig. 
4, at the substrate temperature of from 300 to 
600 C. the growth rate increases as t NH 3 
increases, but it saturates when t NH 3 is from sev- 
eral seconds to about 30 seconds. The saturated 
growth rate is one (1). At the substrate temperature 
of 800 *C or higher, the growth rate does not 
saturate. 

Even when r NH 3 or r B2H 6 is increased, the film 
thickness per one pulse saturates and does not 
exceed a certain value. This means that, even if the 
supply amount of the raw material is increased, the 
growth stops at a single atom layer which is ad- 
sorbed on the substrate surface or the previously 
formed layer. 

when the substrate temperature is 800 *C. the 
growth rate gradually increases as r B2H 6 or 7^3 
increases. This means that, at 800* C. the self- 
limiting mechanism does not work perfectly. At 
such high substrate temperature, it is difficult to 
grow the boron atoms or the nitrogen atoms layer 
by layer. 

Under the conditions under which the self-limit- 
ing mechanism works, The boron layer and the 
nitrogen layer can be alternately grown layer by 
layer. Thus, under such conditions, the film growth 
can be carried out with excellent control. 

All of the films grown under such conditions 
were the single crystal c-BN films. 



As an example, a c-BN film of a thickness of 
about 1 pm was grown on a diamond substrate at 
TB2H6 of 10 Sec. tnh3 of 15 Sec. and a substrate 
temperature of 400 *C. The Raman spectroscopic 
5 spectrum of the produced c-BN film is shown in 
Fig. 5. The sharp Raman shift peaks of c-BN are 
observed at 1055 cm"- 1 and 1305 cm" 1 . The peak 
at 1334 cm" 1 is assigned to the diamond of the 
substrate. 

w According to evaluation by RHEED, the spot 
pattern corresponding to c-BN (100) was obtained. 
This means that the grown film was the single 
crystal of c-BN (100). 

In addition, the X-ray diffraction analysis con- 
15 firmed the growth of c-BN (100). 

Though the self-limiting mechanism does not 
work perfectly at^the high substrate temperature, 
for instance. 800 *C in the above Examples, it is 
possible to grow the c-BN film by precisely control- 
20 ling the supply of the raw materials. That is. the c- 
BN can be formed by selecting r B2H6 and r NH3 so 
that the growth rate is one molecular layer per 
cycle. 

The conditions which achieve the self-limiting 
25 mechanism depend on the kinds and flow rates of 
the raw materials, the growth pressure, the kind 
and temperature of the substrate and the like. For 
example, when BCI 3 is used as a boron-containing 
raw material or when N 2 is used as a nitrogen- 
30 containing raw material, a higher substrate tem- 
perature is required than the B 2 Hs-NH 3 system. 

Example 2 

35 Growth of a c-BN film with the vacuum CVD grow- 
ing apparatus (MOCVD) 

A used apparatus was a conventional vacuum 
thermal CVD apparatus. In this apparatus, the raw 

40 material is flowed in a gas state without forming the 
molecular beam as in the MBE, and the pressure is 
higher than in the case of MBE. The substrate is 
set with facing upward or sideward. As a boron- 
containing raw material, trimethylboron [B(CH 3 ) 3 ] 

45 (TMB) was used, and as a nitrogen-containing raw 
material. NH 3 was used. The growing conditions 
were as follows: 
Flow rates; 

TMB; 2 to 30 seem. MH 3 : 2 to 100 seem, 
so Pressure: 

0.1 to 30 Torr. 
Substrate temperature: 
300 to 1300* C. 
Substrates: 

55 High pressure synthesized diamond 1b (111) or 
High pressure synthesized c-BN (111). 
The film was grown according to the growth 
program of Fig. 2. Namely, the chamber was 
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purged by supplying the hydrogen (H 2 ) gas at a 
flow rate of 5 to 30 seem between the supply 
periods of TMB and NH 3 . 

In the same procedures as In Example 1, the 
self-limiting mechanism was studied. 

Figs. 6 and 7 show the dependency of the 
growth rate on ttmb and *nh3 when the flow rates of 
TMB. NH3 and H2 were 3 sccm. f 15 seem, and 20 
seem., respectively and the length of the H 2 gas 
pulse was 10 Sec. There was no material dif- 
ference of the results in Figs. 6 and 7 between the 
diamond substrate and the c-BN substrate. 

As seen from the results of Figs. 6 and 7, the 
complete saturation of the growth rate was ob- 
served in the temperature range between 600 "C 
and 10Q0*C in relation to tjm B and t m3 . This 
means that the self-limiting mechanism worked. 

The condition range in which the self-limiting 
mechanism works in this example was slightly dif- 
ferent from those in Example 1. That is, in this 
example, up to about 1000 # C of the substrate 
temperature, the self-limiting mechanism worked, 
but at a substrate temperature of 1200*C or high- 
er, the self-limiting mechanism did not work. Such 
difference is based on the differences of the ap- 
paratuses and the raw materials. 

The content of "self-limiting " is also different. 
The growth rate at which the self-limiting mecha- 
nism worked was 0.8 to 0.8 molecular layer per 
cycle, which was different from the one molecular 
layer per cycle in Example 1. The reason for this 
difference is as follow: 

Since TMB has three bulky methyl groups, 
when one molecule is adsorbed on the substrate 
surface, it interferes adjacent adsorbing sites. The 
growth rate at which the self-limiting mechanism 
works, namely the film thickness which is obtained 
in one gas pulse varies with the raw material gas- 
es, the kind of the substrate, and the like. 

The produced film was evaluated by IR spec- 
troscopy, Raman spectroscopy, X-ray diffraction 
and RHEED to find that the film produced under 
the self-limiting conditions was a single crystal c- 
BN film. 

Both on the (111) diamond substrate and the 
(111) c-BN substrate, the single crystal (111) c-BN 
grew epitaxially. 

For example, Fig. 8 shows an X-ray diffraction 
pattern of the film which was grown on the (111) c- 
BN substrate at ttmb of 12 seem, t NH 3 of 15 seem, 
and the substrate temperature of 1000' C and had 
a thickness of about 1 .5 

At 2$ of 43.3* , a sharp peak assigned to the 
(111) plane of c-BN was observed. There was no 
peak to be assigned to the (200) or (220) plane of 
c-BN. 

In the RHEED, a spot pattern of the (111) plane 
of c-BN was obtained. 



From these results, the grown film was a single 
crystal film of c-BN (111). 

Even if the substrate temperature is high so 
that the self-limiting mechanism does not work, the 
5 precise control of the flow rates of the raw material 
gases makes it possible to grow the c-BN film as in 
Example 1. 

When triethylboron [B(C2H 5 )3] or boron fluoride 
(BF 3 ) is used in place of TMB, the c-BN film can 
to be formed. 

Claims 

1. A method for producing a cubic boron nitride 
15 film comprising alternately supplying a raw 

material gas comprising boron atoms and a 
raw material gas comprising nitrogen atoms in 
a vacuum chamber to form a cubic boron 
nitride film on a heated substrate and evacuat- 
20 ing the vacuum chamber when one raw ma- 

terial gas is switched to the other to prevent 
coexistence of the both raw materials in the 
vacuum chamber. 

25 2. The method according to claim 1, wherein a 
temperature of the substrate is from 300 to 
1400* C. 

3. The method according to claim 1 f wherein the 
30 raw material comprising the boron atoms is 

selected from the group consisting, of B2H6, 
BF 3 , BCI3. BBr 3 , B(CH 3 ) 3 and B(C 2 Hs) 3 . 

4. The method according to claim 1, wherein the 
35 raw material comprising the nitrogen atoms is 

selected from the group conslstingof NH 3 , N 2 
and NF 3 . 

5. A method for producing a cubic boron nitride 
40 film comprising alternately supplying a raw 

material gas comprising boron atoms and a 
raw material gas comprising nitrogen atoms in 
a vacuum chamber to form a cubic boron 
nitride film on a heated substrate and evacuat- 
es ing the vacuum chamber and purging the 
vacuum chamber with a gas which is inactive 
with the raw materials when one raw material 
gas is switched to the other to prevent coexis- 
tence of the both raw materials in the vacuum 
50 chamber. 

6. The method according to claim 5, wherein a 
temperature of the substrate is from 300 to 
1400* C. 

55 

7. The method according to claim 5, wherein the 
raw material comprising the boron atoms is 
selected from the group consisting of B 2 H 6 , 
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BF 3 , BCI 3 , BBr 3 . B(CH 3 ) 3 and B(C 2 H 5 ) 3 . 

8. The method according to claim 5. wherein the 
raw material comprising the nitrogen atoms is 
selected from the group consistingof NH 3 , N 2 
and NF3. 

9. The method according to claim 5, wherein a 
purging gas is hydrogen or argon. 
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Fig. 8 
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